Poly(tetratluomethylene) (PTFE) plates grafted with N-isopropylacrylamide (NIPAAm) as hydrophilic monomer were prepared by the combined use of the plasma treatment and photografting. Their surface compositions of the grafted PTFE plates were analyzed by ES CA and thermo-responsive properties were investigated contact angle measurements and ellipsometry. Since the contact angle values of grafted PTFE decreased with an increase in the grafted amount of PNIPAAm, it is considered that the wettabilities of grafted PTFE surfaces come from the hydrophilicity of the grafted polymer chains. At the temperatures above the LCST of PNIPAAm the wettabilities of the grafted PTFE plates were lowered due to the contraction of the grafted polymer chains through hydrophobic interaction. Further, the thickness of the grafted layers of PNIPAAm onto PTFE evaluated by ellipsometry increased with the grafted amount, thermo-msponslbrllty persisting.
Introduction
The synthesis of a graft copolymer requires the formation of a reactive center on a polymer molecule in the presence of a polymerizable monomer.
The radical polymerization can result in grafting due to radical formation on the polymer backbone from the propagating monomer.
We prepared some thereto-sensitive PTFE plates grafted with temperature-responsive hydrophilic polymers such as poly(Nisopropylacrylamide) (PNIPAAm) onto PTFE surfaces by the combined use of the oxygenplasma treatment and photografting [1] . PNIPAAm in water exhibits a drastic decrease in the transmittance at around 32 °C. This is considered to be related with the phase transitions of PNIPAAm chains [1] . Therefore, we have followed up their grafted surfaces with thermoresponsive properties.
The surface compositions of the grafted PTFE plates were analyzed by means of ESCA and the wettabilities were estimated on the basis of the contact angle toward water. Further, the thickness of the grafted polymer layers onto PTFE was evaluated by ellipsometry. As the surfaces of the PTFE-g-PNIPAAm prepared at 60 °C for 120 minutes were heterogeneous, vve prepared a uniform grafted layer changing in the condition of the grafting temperature and time.
2. Experimental 2.1. Materials PTFE plates (thickness = 0.5mm, Furon Kogyo Co. Ltd.) as a polymer substrate were cut into 20 x 80 mm2, washed in water, methanol, benzene, hexane, benzene, methanol, acetone, and water for 10 minutes in an ultrasonic washing machine, respectively, and then dried under reduced pressure. NIPAAm (KOHJTN Co., Ltd.) was purified by recrystallization with benzene and 
Surface Analysis of Grafted PTFE Plates by Means of ESCA
The photoelectron spectra on C1 s, F1 s, O l s andNls for grafted PTFE plates were recorded on a Shimadzu ESCA 750-type spectroscope with MgKa (125 3.6 eV) operating at 8 kV and 3 0 mA. A vacuum of at least 5 x 105 Pa in the chamber was maintained for all measurements. Samples were mounted onto the probe tips with doublesided Scotch tape. Binding energies were adjusted to Au4f7/2 = 84.0 eV. [3] The intensity ratios, F1 s/C1 s and N 1 s/Cl s, were calculated using the equation described in our previous papers [1] [2] [3] .
Contact Angle Measurements
Contact angles were measured with a CA-DT type goniometer (Kyowa Interface Science Co., Ltd.) with an environmental chamber with a temperature controller under an atmosphere of saturated water vapor.
The liquid droplet of 0.5µL was introduced by microsyringe onto a plate.
All reported values are the average of at least 10 measurements taken at different locations on the surfaces and have a maximum error of ± 10.
Ellipsometry
A film evaluation system FE-5000 ellipsometer (OHTSUKA ELECTRONICS Co. Ltd.) controlled by a personal computer and with a 15 OW Xe lamp as a light source was used. The wavelengths of the incident light were in the range of 250 -800 nm, and the incident angle was 70°.
The optimal exposure time by CCD detector was measured and the measurement wavelength range was set up and the ellipsometric data for the refractive index "N(', and the thickness "d" of the uniform adsorbed layer were calculated by PE-5000 software using the experimental values of the relative phase difference "e" and the azimuth angle "W"of the amplitude ratio.
The thickness of the grafted layer was analyzed using FE-5000 software by performing a mapping method, that is, carrying out the above measurement of 16 points per a PTFE-gPNIPAAm plate.
Results
and Discussion The number of the active points on the PTFE plate performed by changing the oxygen plasma treatment time is shown in Fig. 1 . The increase in the plasma treatment time brought about an increase in the number of peroxide groups as the active points. Figure 1 The number of the peroxide groups on PTFE plates with plasma treatment time The increase n the number of peroxide groups with the treatment here seems to be divided into two levels. Figure 3 represents the wettabilities (cos 0) for the surfaces of the PTFE-g-PNIPAAm prepared at 60 °C and W irradiation for 120 minutes with the amount of NIPAAm (N1 s/C1 s) at 25 and 40 °C. The wettabilities of PTFE-gPNIPAAm surfaces toward water showed larger values at 25 °C than those at 40 °C. The reason that the wettabilities of PTFE-g-PNIPAAm surfaces at 40 °C did not show a considerable increase with a rise in the degree of grafting of PNIPAAm is attributed to the formation of dense layers resulting from the hydrophobic interaction among isopropyl groups of grafted PNIPAAm chains in the most upper region [4] . From the relation between N 1 s/C1 s and F 1 s/C1 s values of PTFE-g-PNIPAAm plates shown in Relation between the intensity of Fls/Cls and Nls/Cls ratios l~1J/V1V Figure 3 Contact angles (cos 0) of PTFE-gPNIPAAm prepared at 60 °C and 120 mm with the grafted amount of NIPAAm onto PTFE plate (N1s/Cls) Figure 4 Thickness of the grafted layer of PTFE-g-PNIPAAm prepared at 60 °C and irradiation time of W ray for 120 min. from the measurement at 25 °C by the mapping method of FE-5000
From the results described above, it is considered to be appropriate that the photografting polymerization is performed to obtain a uniform surface by fluctuating in 25, 40, and 50 or 70 °C. The results are shown in Figure 5 (a), (b), (c) and (d) .
The N1s/Cls values vc~re 0.07 -0.10 at 25 °C, 0.08-0.11 at 40°C, 0.07-0.12 at 50°C, and 0.05 -0.12 at 70 °C.
In order to obtain the uniform surface, the polymerization of 40 °C is most suitable because the range of the value of N 1 s/C 1 s is narrow and the grafted amount is large. The result of the 16 points-mapping process of the PTFE-g-PNIPAAm prepared at 40 °C and irradiation UV for 120 minutes is shown in Figure  6 .
Compared with the surface shape of the grafted layer prepared at 60 °C in Figure 4 , the thickness of the surface layer of the PTFE-gPNIPAAm was considerably uniform.
The ellipsometrical average thickness of grafted layers of PNIPAAm on PTFE surfaces photografting at 40 °C and 120 minutes as a function of N 1 s/Cl s is shown in Figure 7 .
The thickness of the grafted layers tends to increase with an increase in the grafted amount. The increase in the thickness in the range of relatively low grafted amount is in agreement with the increase in the wettabilities of the grafted surfaces observed in Figures 3 and 5 .
The thickness of the grafted layers was examined by fluctuating in temperature with the aid of ellipsometry.
In Table I , the thicknesses of the grafted layer of the PTFE-g-PNIPAAm at 20 and 40 °C are shown.
The thickness at 20 °C was larger than that at 40 °C. This reason appears the same that for the wettabilities At the temperatures above the LCST of PNIPAAm, the grafted chains seem to be contracted due to hydrophobic interaction of isopropyl groups of PNIPAAm [5] [6] [7] . Thickness of the grafted layer of PTFE-g-PNIPAAm prepared at 40 °C and irradiation time of UV ray for 120 min. from the measurement at 25 °C by the mapping method of FE-5000 Figure 7 Thickness of the grafted layer of PTFE-g-PNIPAAm prepared at 40°C and 120 min with N 1 s/C 1 s 
